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29.9 49.0 at.% Ti Cu
Ti 20 wt.% TiW Ti 10
wt.% SEM(JSM-4000)
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Ti=0 wt.% 91.1 Ti=10 wt.% 49.2 Ti=20 wt.% 29.3
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3.16: TiW Cu
(a) Ti=0 wt.% (b) Ti=10 wt.% (c) Ti=20 wt.%
500◦C Cu 1.361 N/m Ti Cu/TiW
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3.17: Cu/TiW Ti
Ti Cu/TiW
TiW Ti Cu/TiW
Ti TiW Cu
SiO2 TiW(500 A˚)/Cu(4000 A˚)/TiW(500 A˚)
Ti 10 wt.% 20 wt.% p-SiO2
60 3 Cu
RIE38, 39) TiW/Cu/TiW
600◦C 30
3.18 0.9 µm Ti (a)
10 wt.% (b) 20 wt.% TiW 1.2 µm Ti
10 wt.% ( 3.15) 0.9 µm
Cu TiW Cu TiW
Cu TiW Ti 20 wt.% TiW
(a) (b)
50 µm
3.18: RIE Cu ( 0.9 µm)
(a) Ti=10 wt.% (b) Ti=20 wt.%
3.3.5 DV-Xα Cu/TiW
TiN TiW Cu
TiW Ti
Cu
Cu
DV-Xα 42) TiW Ti
Cu/TiW Ti Cu-Ti
Cu-Ti Cu-W
DV-Xα
DV-Xα
Xα
4 4
3.3 Cu/ 61
(discrete point) discrete variational (DV)
Cu 3.19 Cu-Ti Cu-W
2.73 A˚ 2.65 A˚
Cu Cu
Ti W
(a) (b)
2.73 Å 2.65 Å
3.19: (a) Cu-Ti (b) Cu-W
Cu-Ti Cu-W 3.7 Cu 29 W
Ti Cu
Ti W Cu
3.7: Ti W Cu
Cu-Ti 29.23
Cu-W 29.19
Cu-Ti Cu-W 3.8 Cu-Ti
Cu-W (overlap
population) 43)
3.8: Cu-Ti Cu-W
Cu-Ti 0.5676
Cu-W 0.6224
Cu Ti
3d 4s Cu W Cu
3d 4s W 5d 6s Mulliken population
62 3 Cu
Cu-Ti 3.9 Cu-W 3.10
1
No.
s ( d ) 3.11
3.9: Cu-Ti
No. (eV) Ti 3d Ti 4s Cu 3d Cu 4s
37 -2.94521 0.0725 0.3576 0.1063 0.3884
38 -2.13591 0.0817 0.0006 0.9084 0.0007
39 -1.78363 0.0754 0.0001 0.9022 0.0000
40 -1.77263 0.0111 0.0000 0.9815 0.0001
41 -1.77153 0.0045 0.0011 0.9945 0.0000
42 -1.76702 0.0104 0.0011 0.9764 0.0051
43 -1.65264 0.0005 0.0005 0.9963 0.0027
44 -1.62761 0.0009 0.0012 0.9967 0.0010
45 -1.55946 0.0043 0.0017 0.9925 0.0017
46 -1.53650 0.0045 0.0012 0.9945 0.0000
47 -1.45536 0.0000 0.0249 0.7157 0.2507
48 -1.43948 0.0257 0.0485 0.8306 0.0934
49 -0.60108 0.4719 0.3384 0.0246 0.1181
50 -0.32239 0.9129 0.0001 0.0658 0.0000
51 -0.27913 0.9759 0.0014 0.0175 0.0001
52 -0.24999 0.8889 0.0096 0.0724 0.0003
53 -0.17546 0.9402 0.0256 0.0175 0.0055
3.3 Cu/ 63
3.10: Cu-W
No. (eV) W 5d W 6s Cu 3d Cu 4s
87 -3.55875 0.1870 0.2804 0.1360 0.3297
88 -2.62599 0.5440 0.0004 0.4303 0.0008
89 -2.48730 0.4459 0.0000 0.5303 0.0000
90 -2.41174 0.0785 0.1360 0.3127 0.4203
91 -2.03955 0.8569 0.0344 0.0945 0.0144
92 -2.03538 0.0294 0.0011 0.9564 0.0041
93 -2.01983 0.0258 0.0011 0.9579 0.0057
94 -1.95363 0.7137 0.0441 0.2322 0.0081
95 -1.54051 0.0987 0.0636 0.7567 0.0792
96 -1.76266 0.0013 0.0072 0.9268 0.0628
97 -1.68383 0.2077 0.0116 0.7534 0.0263
98 -1.61171 0.0009 0.0220 0.7380 0.2314
99 -1.51387 0.2440 0.0001 0.7437 0.0061
100 -1.50659 0.0022 0.0000 0.9986 0.0004
101 -1.48408 0.2358 0.0008 0.7555 0.0003
102 -1.22899 0.5971 0.0050 0.3726 0.0016
103 -0.97209 0.5184 0.3022 0.1121 0.0590
3.11: Cu-Ti Cu-W s
s %
Cu-Ti 79
Cu-W 114
Cu-Ti 37
Ti 4s Cu 4s Cu-W
W 5d Cu 3d Cu Ti
s Cu W d ( 3.11
)
Cu 3d 10 4s 1 d
4s Cu d
44) s Cu
45) TiW Ti
Cu TiW s
s s d
2
s
s
d
( 3.20)
64 3 Cu
Bonding orbital formed by
overlapping s-orbitals
s-orbital
d-orbital
Bonding orbital formed by
overlapping d-orbitals
3.20:
DV-Xα Cu-Ti s Cu-W d
TiW Ti Cu
s
2 (cluster)
3.3.6 Cu/
Cu Cu Cu
Cu Cu
Cu
Cu TiN TiW
TiN TiW Ti
Ti 20 wt.% TiW 0.9 µm
Cu
DV-Xα Cu s
3.4 TiW/Cu/TiW
Cu TiW
TiW Cu TiW/Cu/TiW
RIE
3.4 TiW/Cu/TiW 65
Cu TiW/Cu/TiW
TiW
3.4.1 RIE
RIE Cu RIE Cu
Cu
Cu
Cu
Cu RIE 3.21
1000 nm
Cl2
3.12
Cl2
MFC
IR Lamp
Quartz Window
Pump
Exhaust
Substrate
Matching Box
RF Power Supply
3.21: RIE
3.12: RIE
Cl2 (sccm) 2.0
(Pa) 3
RF (W) 180
(V) 400
IR (W/cm2) 1.4
( (◦C) 150)
RIE Cu TiN TiW 3.13
500 A˚ Cu 4000 A˚ 2 Cu TiN TiW
TiN TiW
66 3 Cu
3.13: RIE
(A˚/min)
Cu 4000
TiN 1000
TiW 1500
RIE (photo resist: PR)
Cu
• PR PR ( RIE Cu-RIE
PR PR
)
• PR PR Cu
SiO2 /Cu/
p-SiO2 PR SiO2
Cu PR SiO2
/Cu/ RIE ( 3.22)
PR
PECVD-SiO
2
Substrate
CuBarrier Metal
3.22: RIE Cu
TiW/Cu/TiW TiW(500 A˚)/Cu(4000
A˚)/TiW(500 A˚) RIE
MOS n MOS 3.23 3.23(a)
EM (b) MOS C-V
Cu (c) n MOS
TiW/Cu/TiW Al
MOS =100×100 µm2 n MOS
= =10 µm
3.4 TiW/Cu/TiW 67
300 µm
Al
Cu TiW
TiWCu
(a) (b)
(c)
3.23: TiW/Cu/TiW (a) (b)
MOS (c) n MOS
3.4.2 TiW/Cu/TiW
Cu 1.7 µΩcm
Cu 1.69 µΩcm
EM Cu
8×106 A/cm2
100∼500◦C
400◦C 3.24 (a) EM
EM 20,000
5%
3.24 (b) (Arrhenius)
0.6 eV EM Qe Tm
Qe = 7.4× 10−4Tm 3) Cu 1083◦C
0.6 eV EM
0.6 eV
TiW/Cu/TiW RIE Cu EM
TiN/Cu/TiN ( 8×106 A/cm2 200◦C) 8 46)
W/Cu/W ( 2×107 A/cm2 250◦C) 1000 sec Al
EM 3 EM EM
Black MTTF = A/J2 exp(qEa/kT )(k q Ea
A ) A
Ea 8×106 A/cm2 200◦C
TiN/Cu/TiN 28800 sec W/Cu/W 27000 sec TiW/Cu/TiW ( ) 28700
68 3 Cu
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EM Cu
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3.24: (a) 400◦C EM
(b)
TiW/Cu/TiW RIE
Cu
3.4.3 MOS TiW/Cu/TiW
MOS 400∼700◦C 30 C-V
MOS 700◦C C-V 3.25 (a) Cu SiO2
Cu
Al
MOS 700◦C C-V
C-V Dit 3.25 (b)
Si Cu
−0.03 −0.16 −0.32 eV 8) Si/SiO2 Cu
−0.31 eV 48) TiW Cu
1010 eV−1cm−2
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3.25: (a) 700◦C TiW/Cu/TiW MOS C-V (b)
C-V Si Cu
−0.03 −0.16 −0.32 eV
TiW TiW/Cu/TiW C-V
Cu
3.4.4 MOS TiW/Cu/TiW
MOS 400∼700◦C 30
MOS 700◦C (Id) (Vd)
3.26 Al MOS
Vd-Id 700◦C Vd-Id
Cu
0 V
Cu
MOS
70 3 Cu
Drain voltage Vd (V)
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3.26: 700◦C n MOS (Id) (Vd)
20 Vt
3.27 Vt Id-Vg Vg
Cu 0.2 V
TiW 700◦C Vt
TiW/Cu/TiW 700◦C Cu
Annealing temperature (°C)
∆V
t (
V
)
H2 atmosphere, 20 min
400 500 600 700
-0.4
-0.2
0
0.2
0.4
3.27: 20 Vt
TiW TiW/Cu/TiW Al
MOS
3.5 3 71
3.4.5 TiW/Cu/TiW
TiN TiW
TiW/Cu/TiW
TiW
Cu TiW/Cu/TiW RIE
Cu 1.7 µΩcm Cu 1.69 µΩcm
EM
0.6 eV TiW/Cu/TiW MOS
700◦C Cu MOS
Cu TiW Id
TiW/Cu/TiW 700◦C Vd-Id
Vt
TiW Cu Cu
3.5 3
Cu Cu Cu/
Cu
Cu TiN Cu
(111) TiN (111) Cu (111) Ar
Cu Cu (111)
Cu
Ar Cu Cu
Cu/
TiN TiW TiN TiW TiW
TiW Ti
DV-Xα Cu-Ti s
Cu-W d Ti Cu/TiW
s
MOS RIE TiW/Cu/TiW
TiW/Cu/TiW RIE Cu
Cu EM
MOS MOS Cu
Cu Si 700◦C
TiW/Cu/TiW Cu
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Cu
Cu-CVD
4.1 Cu-CVD
4.1.1 Cu-CVD
Cu 1)
2) (photoresist: PR)
(reactive ion etching: RIE)
Cu Cu
(damascene) (dual-damascene:
DD) (via) 3) Cu
(self aligned dual-damascene)
4)
(aspect ratio) Cu
Cu
1. (physical vapor deposition: PVD)
2. (chemical vapor deposition: CVD)
3.
‘1’ PVD (sputter) Cu
(111)
Cu 1
5) 6)
2 LSI
‘2’ CVD Cu Cu
CVD
76 4 Cu Cu-CVD
CVD
PVD ECD
‘3’ (electro plating electro chemical deposition: ECD)
(electroless plating) ECD
(seed) Cu Cu
Cu Cu Cu
Cu
4
(111) PVD PVD CVD
Cu Cu
PVD CVD
CVD CVD
ECD CVD ECD
0.10 µm CVD
CVD
CVD ECD ECD
Cu-CVD ECD
4.1.2 Cu-CVD
Cu-CVD Cu-CVD CVD Cu (metal
organic compound: MO compound) Cu Cu
CuI 7) CuCl8, 9) MO
MO 2 Cu Cu(II)
(Lewis ligand: ) Cu Cu(I)
MO MO-CVD - (β-diketonate)
Cu-CVD F
(hexafluoroacetylacetonate: hfac) Cu(II) hfac
Cu(hfac)2 55◦C 11 mTorr 10) Cu(I)
- hfac (trimethylvinylsilane: tmvs)
Cu(hfac)tmvs ( 4.1) 11) Cu(hfac)tmvs
40◦C 0.8 Torr Cu 3d 4s
tmvs tmvs pi pi∗ Cu(hfac)tmvs
Cu(I)(hfac)tmvs → Cu(I)(hfac) + tmvs ↑ (4.1)
4.1 Cu-CVD 77
tmvs Cu(I)(hfac)
2Cu(I)(hfac) → Cu0 ↓ +Cu(II)(hfac)2 ↑ (4.2)
Cu 12, 13, 14) Cu hfac σ
Cu
O
CH
O
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3
C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H
3
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4.1: Cu-CVD Cu(I) hexafluoroacetylacetonate trimethylvinylsilane: Cu(hfac)tmvs
Cu(hfac)tmvs MO 100% 40◦C
15, 16)
tmvs tmvs (4.1)
16, 17)
Cu(hfac)tmvs H(hfac)·2H2O Cu
H(hfac)
H(hfac) → H+ (hfac) (4.3)
H (hfac)
Cu(I)(hfac) + H → Cu0 ↓ +H(hfac) ↑ (4.4)
Cu(I)(hfac) + (hfac) → Cu(II)(hfac)2 ↑ (4.5)
(4.2) H(hfac)18) H2O19)
H
hfac tmvs
Cu(hfac)tmvs Cu(hfac)tmvs
(bubbling) (direct liquid injection: DLI)
(carrier gas)
DLI
DLI
Cu DLI
DLI DLI Cu
78 4 Cu Cu-CVD
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(mass transfer rate
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(surface reaction rate limited region)
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4.2: (a) (b)
(c) CVD
Cu Cu(hfac)tmvs 1 Cu 200◦C
Si CVD
CVD
ECD H
Cu-CVD 1∼ Torr ( À )
4.1 Cu-CVD 79
(stagnant
layer) ( 4.3)
CVD 4.2 (c)
CVD
AdsorptionDesorption Surface reaction
Precursor+carrier gas
DiffusionDiffusion
Substrate
Stagnant layer
4.3: (precursor) (carrier gas)
(stagnant layer) (adsorption) (desorption)
• 20, 21)
He H2
•
22, 23)
• 24)
CVD
•
•
DLI
80 4 Cu Cu-CVD
•
H
• CVD
4.1.3 Cu-CVD
Cu-CVD
1.
2.
3.
4.
5.
6.
7.
8. (111)
9.
‘1’∼‘5’ CVD 4.1.2 ‘6’∼‘9’
CVD Cu
CMP
EM Cu Cu
35) EM CVD-Cu
PVD-Cu CVD-Cu
Cu/ (F) 36)
F
F
Cu/ F
CVD-Cu Ω PVD-Cu
F ECD-Cu 1Ω
36)
4.1.2
CVD
(incubation time)
CVD
CVD
32) H(hfac)
4.1 Cu-CVD 81
(dimethylhydrazine: DMH) 33, 34)
PVD
(111) Cu-CVD PVD ECD 25) (111)
26)
Al EM
27) Cu CVD EM 28) (111)
EM 26) Cu-CVD
EM (111)
CVD-Cu
F O C ppm
31) (111)
(111) 26)
(111)
26) CVD
CVD
CVD-Cu PVD-Cu
29) PVD-Cu
Cu Si LSI
Cu Cu
Cu Si Cu
Cu Si 300∼700◦C 4.7×10−3 cm2/sec
0.43 eV 30) LSI 400◦C 30
1430 µm Si Cu
Cu ECD-Cu
ECD-Cu Cu
Si
CVD 200◦C 200◦C
CVD 10 170 µm
Cu
CVD
82 4 Cu Cu-CVD
4.1.4 Cu-CVD
Cu-CVD Cu(hfac)tmvs
H
DLI
Cu-CVD CVD
H CVD
Cu
4.2 CVD-Cu
4.2.1 Cu-CVD
Cu-CVD 4.4 (a)
Ta, TaN RF (high pressure
RF magnetron sputtering: HRM) PVD Cu-CVD
10−7 Torr CVD
- CVD Cu
PVD Ta
Ar N2 CVD Cu N2
H2 ( 4.4 (b)) Cu CVD DLI Cu
Cu(hfac)tmvs tmvs 2.5% Hhfac·2H2O 0.4%
Etching
chamber
Heat
chamber
PVD
chamber
CVD
chamber
Load lock
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Load lock
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Transfer
chamber
(a) (b)
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Transfer
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He
Exhaust
TMP
RP
Vaporizer
MFC
MFC
LMFCSubstrate holder
Substrate
Source container
Gate valve
4.4: Cu-CVD (a) (b) CVD
Cu-CVD Cu-CVD
4.1 1000 A˚/min LSI
4.2 CVD-Cu 83
4.1: Cu-CVD
Source material Cu(hfac)tmvs+2.5% tmvs+0.4% Hhfac·2H2O
Source flow (g/min) 1.2
Total pressure (kPa) 1
Carrier gas N2
Carrier gas flow (sccm) 300
Purge gas Ar
Purge gas flow (sccm) 550
Deposition temperature (◦C) 197
4.2.2 Cu
4.1.2 4.1.3 CVD
TiN β-Ta TiN
TiN Cu-CVD 22, 24, 32, 33, 34, 39)
TiN p-SiO2/Si Ar RF Si
100 A˚ TiN (1000 A˚) PVD 187 197 207◦C Cu-CVD
1 2 5 4.1 Cu(hfac)tmvs+2.5%
tmvs+0.4% Hhfac·2H2O 1.2 g/min 1 kPa N2
300 sccm TiN-PVD Cu-CVD TiN
CVD-Cu 4.5 (a)
187 197◦C 15 207◦C 20
4.5 (b) 0.9 eV
4.1
84 4 Cu Cu-CVD
(a) (b)
187˚C
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4.5: PVD-TiN Cu-CVD (a) (b)
β-Ta (1000 A˚) 187 197◦C CVD-Cu
4.6 187◦C 30 197◦C 20
TiN 4.1.3 TiN
Ta Cu-CVD
Ta(N)
Deposition time (min)
T
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ne
ss
 (
Å
)
187°C
197°C
0 1 2 3 4 5
2000
4000
6000
8000
4.6: β-Ta CVD-Cu ( =187 197◦C)
β-Ta (1000 A˚) N2 H2
Cu-CVD 1 2 5 CVD 4.1
4.7 N2 H2 N2
20 H2 0
H2 N2 CVD-Cu
4.2 CVD-Cu 85
N2 H2 N2
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4.7: β-Ta (1000 A˚) CVD-Cu
N2 H2 CVD-Cu
N2 H2 CVD-Cu
p-SiO2 (1000 A˚)/Si Ar RF Si
100 A˚ HRM TaN0.1 (3000 A˚)/Ta2N (3000 A˚)
N2 H2 CVD-Cu (3000 A˚) CVD
4.1 SIMS SIMS
O+2
4.8 (a) (c)
N2 Cu-CVD PVD-Cu (1000 A˚) N2
H2 PVD-Cu (a) F (b) C
(c) O O O+2
C O
F H2 F hfac
hfac H2
hfac H(hfac)
PVD-Cu
86 4 Cu Cu-CVD
C
 c
o
n
c
e
n
tr
a
ti
o
n
 (
a
to
m
s
/c
m
3 )

Depth (µm)
PVD
H2
N2
Cu TaN0.1 Ta2N SiO2 Si
0 0.05 0.10 0.15 0.20
1016
1018
1020
1022
1024
F
 c
o
n
c
e
n
tr
a
ti
o
n
 (
a
to
m
s
/c
m
3 )

Depth (µm)
PVD
H2
N2
Cu TaN0.1 Ta2N SiO2 Si
0 0.05 0.10 0.15 0.20
1016
1018
1020
1022
1024
Depth (µm)
PVD
H2
N2
O
 s
e
co
n
d
a
ry
 io
n
 in
te
n
si
ty
 (
co
u
n
ts
/s
e
c)

Cu TaN0.1 Ta2N SiO2 Si
0 0.05 0.10 0.15 0.20
100
101
102
103
104
105
106
(a) (b)
(c)
4.8: CVD-Cu (3000 A˚)/TaN0.1 (3000 A˚)/Ta2N (3000 A˚)/p-SiO2 (1000 A˚)/Si SIMS
CVD-Cu N2 H2 Cu-CVD PVD-Cu (1000
A˚) N2 H2 PVD-Cu
O+2
O+2
(a) F (b) C
(c) O O O+2
CVD-Cu
• : ( ) N2 > H2 ( )
• : ( ) N2 > H2 ( )
• : ( ) H2 > N2 ( )
• : ( ) N2 > H2 ( )
N2 H2
H2 PVD-Cu
4.3 CVD-Cu Cu 87
N2
4.2.3 CVD-Cu
Cu-CVD
CVD-Cu 0.9 eV Cu-CVD ( 4.1)
CVD-Cu
N2 H2
H2 F F
H2 PVD-Cu
N2
4.3 CVD-Cu Cu
4.3.1 CVD-Cu
ECD PVD
ECD PVD
ECD
CVD CVD
ECD PVD CVD
CVD-Cu Ta CMP
4.9 SEM
CVD-Cu
88 4 Cu Cu-CVD
(a) (b)
4.9: (a) 1.5 mµm CVD-Cu(1000 A˚)/Ta(150 A˚) 400◦C 30
SEM
Cu
(b) CVD-Cu(300 A˚)/Ta(150 A˚) 400◦C 30
SEM Cu Cu
CVD-Cu PVD-Cu CVD/PVD
ECD
4.3.2 PVD Cu
p-SiO2 (5000 A˚)/Si Ar RF Si 100 A˚
(collimation sputtering) PVD-Cu TaN
300 A˚ HRM PVD-Cu 200∼700 A˚
4.1 CVD-Cu 300∼800 A˚ PVD-Cu CVD-Cu
PVD-Cu CVD-Cu 4.2
#56 ECD-Cu 2 µm X
(X-ray diffraction: XRD) θ-2θ
4.2: CVD/PVD
PVD-Cu (A˚) CVD-Cu (A˚)
200 300
200 500
200 800
400 300
700 300
ECD-Cu
PVD-Cu
4.3 CVD-Cu Cu 89
Cu-ECD XRD θ-2θ Cu 111/200
4.10 CVD-Cu PVD-Cu PVD
200 A˚ CVD 300∼800 A˚ CVD 300 A˚ PVD
200∼700 A˚ Joint Committee of Powder Diffraction
Standard (JCPDS) Cu PVD-Cu 4.10
CVD-Cu ECD-Cu 300 A˚ 2 µm PVD-Cu 200∼700 A˚
PVD-Cu (111) PVD-Cu ECD-Cu
200 A˚ 2 µm CVD-Cu 300∼800 A˚
PVD-Cu (111) PVD-Cu
Cu Al fcc (111)
(electromigration: EM)
PVD-Cu
P
ea
k 
in
te
ns
ity
 r
at
io
 (
I 1
11
/I 2
00
)
Seed thickness (Å)
CVD(30-80nm)/PVD(20nm)
CVD(30nm)/PVD(20-70nm)
JCPDS
PVD-Cu only
500 600 700 800 900 1000
10
20
30
4.10: ECD-Cu XRD θ-2θ Cu 111/200
CVD-Cu PVD-Cu PVD 200
A˚ CVD 300∼800 A˚ CVD 300 A˚ PVD
200∼700 A˚ JCPDS Cu
PVD-Cu
ECD-Cu 40) CVD-Cu PVD-Cu
26) PVD-Cu (111)
PVD 41)
4.3.3 CVD/PVD
p-SiO2(1.5 µm)/p-SiON(1000 A˚)/p-
SiO2(1000 A˚)/Si RIE φ=0.35-1.50 µm
Ar-RF Si 100 A˚ TaN 300 A˚ PVD-Cu 200∼700 A˚
CVD-Cu 300∼800 A˚ ECD-Cu 2 µm SEM
(focused ion beam: FIB)
90 4 Cu Cu-CVD
(scanning ion microscope: SIM) FiB-SIM
1.5 µm SEM 4.11
4.3 PVD PVD CVD
CVD PVD CVD
( CVD
)
Cu
SiO
2
SiO
2
SiN
Si sub
4.11: 1.5 µm SEM
4.3: 1.5 µm
PVD(A˚) CVD(A˚) (A˚) (A˚)
200 300 453 730
200 500 789 955
200 800 957 1124
400 300 565 955
400 700 564 1124
CVD/PVD ECD-Cu (2 µm)
φ=0.35 µm FIB-SIM 4.12 (a)∼(e) PVD
ECD-Cu (2 µm) φ=0.35 µm FIB-SIM 4.12 (f) SIM
θ=60◦
PVD-Cu
CVD-Cu 300∼800
A˚ (seam)
( 4.12(a)∼(c)) PVD-Cu 200∼700 A˚
( 4.12(a), (d), (e))
4.3 CVD-Cu Cu 91
4.12: (a)∼(e) CVD/PVD ECD-Cu (2 µm)
φ=0.35 µm FIB-SIM (f) PVD ECD-Cu (2 µm)
φ=0.35 µm FIB-SIM SIM θ=60◦
4.3.4 CVD/PVD
CVD PVD
CVD CVD
ECD ECD
PVD
ECD
ECD
ECD
ECD-Cu
ECD
PVD
CVD 100%
ECD
CVD/PVD CVD
PVD/CVD ECD CVD
PVD
92 4 Cu Cu-CVD
CVD 300 A˚
PVD 700 A˚
4.3.5 CVD/PVD
CVD-Cu PVD-Cu
ECD-Cu (111) PVD-Cu
CVD/PVD CVD-Cu 300-800 A˚
CVD-Cu PVD-Cu
ECD PVD CVD
CVD PVD
CVD
300 A˚ PVD 700 A˚
4.4 CVD/PVD
4.4.1
p-SiO2 (7000 A˚)/p-SiON (1000 A˚)/p-SiO2 (1000 A˚)/Si EB RIE
SiO2 SiO2
1. CVD
2. CVD(300 A˚)/PVD(700 A˚) ECD
3. PVD(1000 A˚) ECD
Cu ‘2’ CVD/PVD 4.3 ‘1’
CVD-Cu Ar RF Si 100 A˚ HRM
TaN0.1 (200 A˚)/Ta2N (200 A˚) 4.1 Cu-CVD
‘3’ PVD-Cu Ar RF Si 100 A˚)
Ta(200 A˚)/ TaN(200 A˚)
PVD-Cu Cu N2 400◦C 30
CMP Cu
( 4.13(a))
( 2.6(b)) P = 0.80 0.60 0.52 0.48 0.44
0.40 0.36 0.32 µm L = 1 mm W = S = P/2 L=100 µm
W = 0.50 0.40 0.35 0.30 0.26 0.24 0.22 0.20 0.18 0.16 0.14 0.12 0.10 µm
20
4.4 CVD/PVD 93
 L = 1 mm  L = 100 µm
(a) (b)
4.13: EB -
4.4.2 -
CMP 0.12 µm SEM
4.14 PVD 0.16 µm 0.12
µm ( 4.14 (b)) CVD 0.12 µm
( 4.14 (a) (c)) PVD
ECD-Cu
(a) CVD (b) ECD/PVD (c) ECD/CVD/PVD
0.5µm
4.14: CMP SEM (a) CVD-Cu (b)
PVD ECD-Cu (c) CVD/PVD ECD-Cu
CMP SEM 4.15
0.32 µm CVD ( 4.15 (a))
( ) PVD ( 4.15 (b)) (
) ( ) EB PR
94 4 Cu Cu-CVD
(a) CVD (b) ECD/PVD (c) ECD/CVD/PVD
1.0µm
4.15: CMP SEM (a) CVD-Cu
(b) PVD ECD-Cu (c) CVD/PVD
ECD-Cu
I-V
4.16 (a) (b)
PVD 0.14 µm
4.14 (b)
0.32 µm
2.5 µΩcm
1/interconnect width (1/µm)
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 (b)
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4.16: (a) I-V (a)
(b) I-V
CVD CVD ECD
4.5 CVD/PVD 95
0.12 µm
0.32 µm Cu
EB
4.4.3 CVD/PVD
CVD-Cu/PVD-Cu ECD-Cu Cu
EB CVD-Cu
PVD-Cu ECD-Cu
EB CVD 0.12 µm PVD
0.32 µm
CVD CVD 0.12 µm
PVD 0.16 µm 2.5 µΩcm
4.5 CVD/PVD
4.5.1
Cu 4.17
6000 A˚ 3000 A˚ Cu Cu-CVD
Cu DD
• CVD(300 A˚)/PVD(200-700 A˚) ECD
• PVD(1000 A˚) ECD
Cu-CVD 4.1
W  SiO 2 
Cu 
CoSi 
2 
Ta/TaN 
Al/TiN 
4.17: Cu
=0.28 µm =1020 =0.24-0.40
96 4 Cu Cu-CVD
µm 1 V CMOS =5
( =10 ) =1 cm =0.28 µm
=100-10000 =0.28 µm VDD=1.8 V VBUF=1.8 V
4.5.2 -
4.18 (a)
4.18 (b)
0.40 0.28 µm 0.7 0.3 Ω PVD
42)
CVD/PVD PVD
4.3.3 PVD
PVD-Cu PVD-Cu
ECD-Cu
PVD PVD-Cu
Cu-CVD Cu
Cu CVD
PVD-Cu
CVD
ECD-Cu ECD-Cu
4.5 CVD/PVD 97
(a) (b)
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W=0.28 µm
V=1 V
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Seed structure
PVD-Cu (Å)
CVD-Cu (Å)
Total (Å)
200 400 700 1000
300 300 300 0
500 700 1000 1000
0
0.2
0.4
0.6
0.8
1
0
20
40
60
80
100
4.18: CVD/PVD (a)
(b)
(b) 0.28 µm PVD-Cu (700 A˚)
4.5.3 CMOS
1 Tpd
Tpd 4.19 (a) CVD/PVD
Tpd 104 6 ns
PVD-Cu 102 103 CVD/PVD
104 4.5.2 PVD-Cu
4.19 (b)
PVD Tpd
4.5.2 PVD-Cu 104 6 ns
4.19 (a) PVD-Cu 700 A˚
1 0.38 ps 2.4 ns
Cu GHz
98 4 Cu Cu-CVD
Number of vias
T
 pd
(n
s)

CVD(300 Å)/PVD(200 Å)
CVD(300 Å)/PVD(400 Å)
CVD(300 Å)/PVD(700 Å)
PVD(1000 Å)
0 2000 4000 6000 8000 10000
0
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 (b)
T
 pd
(
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Seed structure
PVD-Cu (Å)
CVD-Cu (Å)
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4.19: CVD/PVD
1 Tpd (a) Tpd (b)
4.5.4
CVD-Cu/PVD-Cu ECD-Cu Cu DD
PVD-Cu ECD-Cu
DD 0.28 µm 0.7 Ω/ ECD-Cu
PVD-Cu CVD
PVD
Tpd 104 6 ns
1 PVD-Cu
PVD-Cu(700 A˚) 0.38 ps PVD
GHz
4.6 4
0.1 µm GHz LSI Cu Cu PVD
ECD PVD
CVD
(111) PVD-Cu CVD-Cu CVD-Cu/PVD-Cu
Cu-CVD Cu-CVD
N2 H2 H2
F F
4.6 4 99
H2
PVD-Cu Cu-CVD
N2
CVD-Cu/PVD-Cu CVD-Cu
PVD-Cu ECD-Cu PVD-Cu
(111) CVD-Cu
PVD-Cu ECD
PVD/CVD
CVD-Cu CVD
ECD
CVD-Cu/PVD-Cu EB
0.12 µm
0.32 µm Cu DD
DD 0.28 µm 0.7Ω/
Tpd 104 6 ns
PVD
CVD/PVD PVD
CVD/PVD CVD-Cu (111)
PVD-Cu
CVD-Cu
CVD/PVD 0.1 µm GHz LSI Cu
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5.1
5.1.1
(ferroelectric
random access memor: FeRAM) 5.1
(hysteresis) (remnant polarization)
FeRAM “1” “0” ( 5.1 A , B )
Electric field
Polarizatoion
A ("1")
B ("0")
C
D
E
c
+
P
r
+
E
c
-
P
r
-
5.1: Pr Ec +
− FeRAM A B “1”
“0”
FeRAM (DRAM SRAM Flash) 5.1 1)
FeRAM Flash
104 5
5.1:
FeRAM DRAM SRAM Flash
1012 > 1015 > 1015 106
( ) 10 × 1 ( ) 10
(ns) 70 50 20 30×103
(µA) ¿1 >10 >1 ¿1
1.2 1 3.6 0.7
FeRAM 5.2 DRAM
2)
DRAM
5.1 “1” (A )
C
A “1” “0”(B )
“1” “0” D A
D “1” B D “0”
“1” “0” D
B “0” “1” “1”
3)
( ) (b) FET (a)
(a)
Bit line
Word line
Plate line
CF
(a) (b)
Bit line
Word line
5.2: NVFRAM (a) (b) FET
Pb(Zr1−xTix)O3 (PZT) Pb La
(Pb1−yLay)(Zr1−xTix)O3 SrBi2Ta2O9 (SBT) Nb SrBi2(Ta1−xNbx)2O9
(SBTN) PLZT SBTN 5.3 PLZT
(perovskite) ABO3 Pb La A Zr Ti
B SBTN Bi
5.1 105
PLZT SBTN
PLZT Zr Ti SBTN Ta Nb
PZT SBTN
Sr
Bi
Ta, Nb
O
Pb, La
Zr, Ti
O
(a) (Pb1-yLay)(Zr1-xTix)O3
(b) SrBi2(Ta1-xNbx)2O9
5.3: PLZT SBTN ”×” SBTN
ab c 4)
5.1.2
FeRAM PZT SBT PZT
(remnant polarization: Pr)
Pr
SBT
1012 PZT
(
) PZT 400∼500◦C SBT 600∼800◦C
106 5
400◦C
Pt Au Ag
Pt Pt Pb 427◦C PtPb4
Bi 640◦C Bi2Pt Sr 670◦C Pt3Sr7 5) PZT Pb SBT
Bi Sr Pt
RuO2 6) IrO2 7, 8) YBa2Cu3O7 9) La0.5Sr0.5CoO310)
FeRAM
(physical vapor deposition: PVD) (chemical vapor
deposition: CVD)
(sol-gel)
(metal organic decompoisition: MOD) 200◦C
PVD
CVD
1.
2.
3.
‘1’
Ti Ta TiW
‘2’
(reactive ion etching: RIE)
RIE
RuO2 RuO3
Cl2/O2 RIE 13)
‘3’ RIE
11, 12)
12) SiO2 SiON
14, 15, 16)
LSI ( )
17, 18)
5.1 107
1. (switching fatigue)
2. (imprint)
3. (retention loss)
‘1’
PZT
(ferroelectric
domain) 20, 21, 22, 23, 24) RuO IrO
7, 25) SBT
1012 26) SBT
‘2’
SBT PZT
27, 28, 29, 30, 31) SBT
30) 31)
‘3’
32, 33, 34)
FeRAM
FeRAM
/ /
PZT SBT SBT
PZT
SBT SBT PZT SBT
Al
SBT SBTN
SBTN SBT
Pt
MOD
Pt Ti SBTN
108 5
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN)
5.2.1 SBTN
Pr (corecive field: Ec)
SBT
SBT
35, 37)
FeRAM
p-SiO2 p-SiO2
14) Pt
17, 38)
2Al
15) Al2O3 16) p-SiO2
SBTN
39) PZT Pr Ec
SBT Pr Ec
40)
SBT SBT Ta Nb SBTN
Bi Nb
5.2.2 SBTN
SBTN
SBTN
SBTN SBTN strontium
2-ethylhexanoate : Sr(O2C8H5)3 bismuth 2-ethylhexanoate : Bi(O2C8H5)3 tantalum 2-
ethylhexanoate : Ta(O2C8H5)3 niobium 2-ethylhexanoate : Nb(O2C8H5)3 ortho-xyelene
0.2 mol/l Bi
n-butylaccetate 0.12 mol/l
SrBi2.18(Ta0.72Nb0.28)2O9
SBTN Si SiO2 1000 A˚
Pt(3000 A˚)/Ti(200 A˚) Pt/Ti
650◦C O2 30 SBTN
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 109
180◦C 30 SBTN
200◦C O2 725◦C 30
(rapid thermal annealing: RTA) SBTN RTA
950 A˚ SBTN 1900 A˚
SBTN O2 800◦C 60
Pt(2000 A˚)
(photo resist: PR) Pt SBTN
O2 SBTN O2
800◦C 90
SBTN 5.4
Top electrode: Pt (2000Å)
Bottom electrode: Pt (3000Å)
Ti (200Å)
SiO2 (1000Å)
SBTN (1900Å)
5.4: SBTN
- (P-E) - (I-V)
5.5 (Sawyer-Tower)
CF C0
x+ x-
y+−y-
RC
10 nF
x+
x-
y+
y-
C
F
C
0
5.5: Sawyer-Tower CF C0
x+ x- y+−y-
5.2.3
Ta/Nb 1/0, 0.75/0.25, 0.625/0.375, 0.5/0.5, 0.375/0.625,
0.25/0.75, 0/1 SBTN 5.2.2 SBTN
110 5
- (P-E) - (I-V) P-E
±1∼±10 V 10 kHz 32
22 50 100 145◦C
5.2
50 µm
5.2: SBTN
P-E I-V
(nF) 10 (V) 0∼10
(kHz) 10 (V) 0.2
(◦C) 22, 50, 100, 145
(V) ±1, ±2, ±3, ±4, ±5, ±6, ±7, ±8, ±9, ±10
(◦C) 22, 50, 100, 145
- Nb 0 1 SBT SrBi2Nb2O9 (SBN) 50◦C
I-V 5.6
/
Pt
SBTN Bi 800◦C
Bi 41) 800◦C
Bi
/ 5.3 42) φB q Boltzman
k T SBTN
(Schottky) (Frenkel-Poole)
SBT
SBN
C
u
rr
e
n
t 
d
e
n
si
ty
 (
A
/c
m
2
)
Applied voltage (V1/2)
-2 0 2
10-8
10-6
10-4
10-2
5.6: (a) SBT (b) SBN 50◦C I-V
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 111
5.3: /
Schottky emission I ∝ T 2 exp
(
a
√
V
T − qφBkT
)
Frenkel-Poole emission I ∝ V exp
(
2a
√
V
T − qφBkT
)
Tunnel or field emission I ∝ V 2 exp (−bV )
Space-charge-limited I ∝ V 2
Ohmic I ∝ V exp (− cT )
Ionic conduction I ∝ VT exp
(− dT )
q= φB= d= ²i=
a ≡
√
q/(4pi²id) b, c, d=V T
5 V Nb 5.7 (a) Nb
5.3
Nb = 0.75 1 100 150◦C
ln(I) ∝ √V 22∼100◦C
Nb 5.7 (b) Nb Nb
=1 5.3
Nb
Ta Nb
(Ta
+5 Nb +1 +4 +5 ) Nb
Nb
Nb 5 V 5×10−6
A/cm2 Nb 0.5
112 5
Nb concentration
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5.7: 5V (a) Nb
(b) (a) Nb
Nb 150◦C (a) 50∼150◦C
- Nb =1 SBN P-E ( =10 V =22◦C) 5.8
Nb P-E
Electric field (kV/cm)
P
o
la
ri
z
a
ti
o
n
 (
µC
/c
m
2
)
SBN
Pr
+
Pr
-
Polarization shift
=(Pr
++Pr
-)/2
-500 0 500
-20
-10
10
20
5.8: SBN P-E ( =10 V =22◦C) P+r
P−r (P
+
r + P
−
r )
P+r P
−
r (P+r + P−r )
5.9 (a) SBN
(b) Nb
Nb
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 113
22˚C
50˚C
100˚C
145˚C
Pulse height (V)
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5.9: SBTN (a) (b)
(Zheng) PZT P-E
43) SBTN −5 V
5 V 5.10 Nb
/
5 V 5 V SBN 1 µC/cm2
Nb=0
Nb=0.25
Nb=0.375
Nb=0.5
Nb=0.625
Nb=0.75
Nb=1
D
if
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|I
(-
5
V
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-|
I(
5
V
)|
Temperature (°C)
50 100 150
10-12
10-10
10-8
10-6
10-4
10-2
5.10: SBTN -5 V 5 V
Ec 2Pr Nb 5.11(a) (b) Ec 2Pr P-E
114 5
E+c E
−
c P
+
r P
−
r Ec=(E
+
c − E−c )/2 2Pr=P+r − P−r
10 V 145◦C Ec Nb Nb
3.3
V ( 2∼2.5 V ) SBT SBN
SBN SBT 3 150 kV/cm SBN 2000 A˚
3 V
SBN SBN Nb
2Pr Nb Nb
145◦C Nb 0.25 0.75
Watanabe 2Pr Nb
40) SBTN
2Pr 6 µC/cm2
145◦C 2Pr Nb 6 µC/cm2
R.T.
145˚C
Nb concentration
C
o
e
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e
 f
ie
ld
 E
c
 (
k
V
/c
m
)
SBT SBN
0.0 0.5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5.11: 145◦C 10 V Ec(=(E+c − E−c )/2)
2Pr(=P
+
r − P−r ) Nb
Nb P-E
b (Curie-Weiss) C Tc Ps Ec
P 2s =
−1
Cb(T − Tc) (5.1)
E2/3c =
3
√
−4
27bC3
(T − Tc) (5.2)
P 2s E
2/3
c T Nb
Nb P 2s E
2/3
c T
10 V P-E P 2s E
2/3
c 5.12 100%
P 2s E
2/3
c
(5.1) (5.2)
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 115
(a) (b)
Nb=0
Nb=0.25
Nb=0.375
Nb=0.5
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Nb=1
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5.12: 10 V (a) P 2s (b) E
2/3
c 100%
5.12 Nb P 2s E
2/3
c 5.13
100% P 2s E
2/3
c Nb
P-E
Nb
Ps
2
Ec
2/3
Nb concentration
P
s
2
/T
 a
n
d
 E
c
2
/3
/T
SBT                                              SBN
0 0.5 1
-0.5
-0.4
-0.3
-0.2
-0.1
5.13: 10 V P-E P 2s E
2/3
c Nb
100% P 2s E
2/3
c
(5.1) (5.2) Tc 5.14 Nb
Tc Nb =0 (SBT) 290◦C 310◦C
44) Nb =1 (SBN) 590◦C 420◦C
45) Nb Ec 10 V
Ps
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Nb concentration
C
u
ri
e
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 (
°
C
)
SBT                                              SBN
0.0 0.5 1.0
300
400
500
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5.14: Tc Nb
5.2.4
Ta/Nb 1/0, 0.75/0.25, 0.625/0.375, 0.5/0.5, 0.375/0.625,
0.25/0.75, 0/1 5.2.2 SBTN
5.15
“Pulse set1” “Pulse set2”
“P” “U” “N” “D”
“Imprint pulse” 1×109 “Pulse set3”
5 V
1 MHz “Imprint pulse” 120◦C 145◦C “Pulse
set2” “Pulse set3”
Pulse set1 Pulse set2 Pulse set3
0 V
Imprint set
P U N DN D P U N D
109 cycles
5.15: “P”
“U” “N”
“D” “Pulse set1”
“Pulse set2” “Imprint pulse”
“Pulse set3”
145◦C 32 1×109 “P” “U” “N” “D”
±5 V ±10 V 1 MHz
10 nF
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 117
145◦C “P” “U” “N” “D”
5.4 7854 µm2
5.4: SBTN
(nF) 10 (nF) 10
(MHz) 1 (MHz) 1
(V) 5 (V) ±5, ±10
1×109 32, 1×109
(◦C) 120, 145 (◦C) 22, 145
(◦C) 22 (◦C) 22
145◦C Nb =0(SBT)
5.16 5.15 “Pulse set2” “Pulse set3” “P” “U” “N” “D”
“Pulse set2”
“Pulse set3” P-E
P
U
D
N
Time (µsec)
C
h
a
rg
e
 d
is
p
la
c
e
m
e
n
t 
(µ
C
/c
m
2
) Pulse set2
(before imprinting)
0.0 0.5 1.0 1.5 2.0
-10
0
10
20
P
U
D
N
Pulse set3
(after imprinting)
PD2-PN3
0.0 0.5 1.0 1.5 2.0
5.16: 145◦C Nb =0(SBT) 5.15 “Pulse set2” “Pulse set3”
“P” “U” “N” “D”
“P” “U”
“1” “N” “1” “0” “D” “0” “0”
“1”
“Pulse set2” “D” “Pulse set3” “N”
“0” “1”
“Pulse set2” “D” PD2 “Pulse set3” “N”
PN3 PD2−PN3 Nb 5.17 Nb
118 5
PD2−PN3 Nb Nb
Nb P-E
Nb
Ta/Nb=0.75/0.25
120°C
145°C
Nb concentration
P
D
2
-P
N
3
 (
µ
C
/c
m
2
)
SBT                                             SBN
0.0 0.5 1.0
0
2
4
6
8
5.17: “Pulse set2” “D” PD2 “Pulse set3” “N”
PN3 PD2−PN3 Nb
PD2−PN3
“Pulse set” “P” “N” PP PN PP /PN
PP /PN 1 1 Nb
=0(SBT) “P” “N” PP PN PP /PN 5.18
PP /PN 145◦C
1. ±5 V 32
2. ±10 V 32
3. 145◦C ±10 V 32
4. ±10 V 1×109
PP /PN 1
‘3’ ‘4’
PP /PN 30∼60%
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 119
10 V, 109 pulses@R.T.
10 V, 32 pulses@R.T.
10 V, 32 pulses@145°C
5 V, 32 pulses@R.T.
initial imprint recover
Process
P
P
/P
N
1.0
1.1
1.2
1.3
1.4
1.5
1.6
5.18: Nb =0(SBT) “P” “N” PP PN PP /PN
PP /PN
145◦C
(Dimos) SBT
27) (trap)
(detrap)
‘1’ ‘2’
5.2.5
5.2.3 5.2.4 SBTN Ta/Nb Nb
Nb Ta/Nb 1/0, 0.75/0.25, 0.5/0.5,
0.25/0.75, 0/1 5.2.2 SBTN
Bi Nb
SBTN Bi Nb 5.3 Bi
SBTN
SBTN ( SrBi2.18(Ta0.72Nb0.28)2O9 ) Bi 2-ethylhexanoate:
Bi(O2C8H5)3 Nb 2-ethylhexanoate: Nb(O2C8H5)3 Bi 0, 20, 40% Nb 0,
2, 4, 6, 8, 10% 5.2.2 SBTN
H2(1%)-N2 200◦C
5.5
5.5:
H2(1%)-N2 O2
(◦C) 200 200, 300, 400 and 800
(min) 10, 30 and 60 60
120 5
I-V P-E
7854 µm2
Nb VBD
Nb 5.19 (a) VBD I-V 5×10−6 A/cm2
10 V 5×10−6 A/cm2 10.5 V Nb
5.2.3 Nb
Nb Nb
3 V 2Pr Nb 5.19 (b)
2Pr 3 V
5.2.3 Nb P-E
5 V
Nb 50% P-E 2Pr
2Pr Nb
0 min
10 min
30 min
60 min
SBT SBN
Nb concentration (%)
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Nb concentration (%)
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5.19: (a) VBD Nb VBD I-V 5×10−6 A/cm2
10 V 5×10−6 A/cm2 10.5 V
(b) 3 V 2Pr Nb 2Pr
2Pr Nb 50% P-E 2Pr
Bi Nb Bi Nb
VBD 5.20 (a) (c) VBD I-V 5×10−6 A/cm2
10 V 5×10−6 A/cm2 10.5 V Bi
10 VBD
40% 30 60
VBD Nb 10 VBD
30 60 VBD Bi Nb
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 121
2Pr 5.20 (b) (d) 5.19 2Pr
60 Bi 2Pr
Bi 2Pr 30 Nb
10 Nb 2Pr
30 60 Nb
Additional Bi (%)
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5.20: VBD 2Pr Bi Nb (a) VBD vs. Bi
(b) 2Pr vs. Bi (c) VBD vs. Nb (d) 2Pr vs. Nb VBD I-V
5×10−6 A/cm2 10 V 5×10−6 A/cm2
10.5 V 2Pr 5 V
2Pr 60 Bi 2Pr
Bi Nb 10
VBD 2Pr 30 2Pr
122 5
VBD
SBTN
Bi=40% Bi
SBTN MOD
36) SBTN SBTN
Bi
Pr
5.21 5 V 1963 µm2
Pr
Pt
17, 38) SBTN Pt
SBTN SBTN
SBTN
i)
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30min
60min
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5.21:
5 V 1963 µm2
SBTN
400◦C 30
i) (Im) SBT Bi 46)
5.2 SrBi2(Ta1−xNbx)2O9 (SBTN) 123
3.3∼5 V 2Pr 6 µC/cm2
p-SiO2
5 V 5.22 SBTN
I-V 5×10−6 A/cm2 10 V
5×10−6 A/cm2 10.5 V
200◦C
400◦C
800◦C Al
660◦C Al
Al
H2200˚C 10min
H2200˚C 30min
H2200˚C 60min
Annealing temperature in O2 (˚C)
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5.22: 5 V SBTN
I-V 5×10−6 A/cm2 10 V
5×10−6 A/cm2 10.5 V
5.2.6 SBTN
SBTN SBTN Ta/Nb
Nb
P-E Ta/Nb=0.5/0.5 Nb
Nb
Nb Nb
-
124 5
SBTN Ta/Nb Bi Nb
Nb Ta/Nb=0.75/0.25
Bi Nb
800◦C Al
Ta/Nb=0.75/0.25
5.3 SrBi2Ta2O9 (SBT) Al
5.3.1 SBT
FeRAM 5.1.2
11, 12)
14, 15, 16)
SBT
600∼800◦C Al 660◦C
Si Al
Al
SBT Al
Al Al
5.3.2 SBT Al
SBTN Si SiO2 5000 A˚
Pt(2000 A˚)/Ti(200 A˚) SBT
260◦C 30 O2 800◦C 10
SBT 950 A˚
SBTN 1900 A˚ SBTN
O2 800◦C 60 SBT
Pt(2000 A˚) PR
Pt SBTN O2
SBTN O2 800◦C 30
6000 A˚ SiO2
PR RIE
SBT 500◦C 30 N2
TiN (300 A˚)/Al (5000 A˚)/TiN (1000 A˚)/Ti (500 A˚) PR
5.3 SrBi2Ta2O9 (SBT) Al 125
SBTN 5.23
3×3 µm2 10000 µm2
Pt Al interconnect SBT
SiO
2
Pt/Ti
Si sub
SiO
2
5.23: SBTN
Al Al RIE
RIE Cl2 (25 sccm) BCl3 (25 sccm) RF
150 W 700 W 3 mTorr
20◦C RIE 5 30 60 75%
Al
181 222 272 300 Ar 400 V
40 mA 9 A
0 A Al 5.6
5.6: Al
RIE Ion milling
Etching gas Cl2/BCl3 Magnet current (A) 1
Gas flow (sccm) 25/25 Glow current (A) 7.5
Gas pressure (mTorr) 3 Cathode current (A) 26.2
Substrate temperature (◦C) 20 Substrate temperature (◦C) 20
RF power (W) 150 Extractor voltage (V)/current (mA) 400/40
MW power (W) 700 Neutralizer current (A) 0, 9
Etching time (sec) 181, 222, 272, 300 Output voltage (kV)/current (A) 1/0.45
RIE N2 300 400◦C 30
Al SBTN - (P-V) I-V P-V
( 5.5) 10 kHz ±5 V I-V
0∼10 V 22◦C
5.2
126 5
5.3.3 RIE Al
Al Al P-V I-V 5.24 (a) (b)
P-V
I-V
Al P-V I-V
I-V
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